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The purpose of this study was to compare the distri-
bution of effects of right and left efferent vagal stimu-
lation on ventricular recovery properties in the in situ
heart. To measure these effects in many areas simulta-
neously, local repolarization changes (localQT intervals)
were recorded with bipolar electrodes in nine ventricular
sites from 38 anesthetized dogs. In initial experiments,
this method was shown to correlate with effective re-
fractory period changes measured in the same test site
after QT recording ; vagal nerve stimulation prolonged
the local QT interval by 1 ms for each 0.82 ms prolon-
gation in effective refractory period (r = 0.87).
Simultaneous local QT recordings during vagal nerve
stimulation demonstrated uniform prolongation with two
exceptions. First, left vagal efferent stimulation pro-
longed local QT interval in the posterior left ventricular
Previous workers (1,2) have demonstrated that the left sym-
pathetic nerves exert greater control of refractory period
duration in the canine posterior left ventricle than do right
sympathetic nerves, while in the anterior left and right ven-
tricles the sympathetic nerves exert moreequal control. This
distribution of effects of right and left sympathetic nerves
on ventricularrecoveryproperties is a postulatedmechanism
for the genesis of arrhythmias (3,4). Recently, stimulation
of the vagus nerves was shown to prolong the duration of
ventricular refractory period (5,6). It is possible that. like
the sympathetic nerves, the two vagus nerves may show
different distributions of effects in the ventricle because
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base more than did right vagal stimulation (5.9 ± 1.0
mean ± standard error of the mean versus 3.7 ± 0.9%,
p < 0.05). This probably resulted from an interaction
with the left sympathetic nerves because left stellate gan-
glionectomy or norepinephrine infusion eliminated dif-
ferences between effects of right and left vagal stimu-
lation. Second, it was also found that vagal stimulation
from either side did not prolong local QT interval time
in the anterior right ventricle despite attempts to aug-
ment vagal effects with bilateral vagal stimulation alone
or during isoproterenol or physostigmine administration.
These regional differences in ventricular repolarl-
zation exhibited in response to efferent vagal nerve stim-
ulation in the dog may provide a basis for understanding
how autonomic influencescould contribute to the genesis
of ventricular arrhythmias.
work in other tissue has shown such differences; for ex-
ample, right vagal stimulation shortens atrial refractory pe-
riod to a greaterextent than does left vagal stimulation (7,8)
and in the atrioventricular (AV) node the two vagi may
produce qualitatively different effects (9). In addition, be-
cause vagal influence modulates sympathetic neural effects
in the ventricle (5,6,10-12) , vagal effects may be unequal
as a result of differential interaction with sympathetic
innervation.
Therefore. the objective of the present study was to de-
termine the distributionof right and left vagal influences on
recovery properties in the canine ventricles. To do this, we
developed a method of simultaneously measuring repolar-
ization times continuously from bipolar plunge electrodes
in nine ventricular sites.
Methods
Surgical Preparation
Thirty-eight healthy mongrel dogs. weighing 9 to 25 kg,
were anesthetized with thiopental sodium (30 mg/kg, intra-
venously) and alpha chloralose (80 mg/kg, intravenously).
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Additional chloralose was administered as needed to main-
tain anesthesia; no data were collected until 30 minutes after
chloralose administration. The animals were artifically ven-
tilated, and blood gases and pH were maintained in the
normal range (6).
The sternum was split and the open pericardium was
attached to the wound edges to support the heart. The fem-
oral veins were cannulated to infuse drugs and normal saline
solution, 200 mllh, during the surgical preparation. Arterial
pressure was measured in the left femoral artery with a fluid-
filled catheter connected to a Statham P23D transducer.
Phasic and mean arterial pressures were recorded on an
oscillographic recorder. The dog was placed on a heating
blanket and a plastic sheet was stretched over the sternal
incision (6). In four dogs, temperature was measured by
suturing a temperature probe to the epicardium. In 29 dogs,
the sinus node was crushed to achieve slow spontaneous
heart rate, while in 9 (Group III, see later) the node was
not crushed to avoid possible interruption of nerves traveling
in that area.
Electrophysiologic Methods
A surface electrocardiogram (lead II) was monitored con-
tinuously. The atria and ventricles were paced simulta-
neously at basic cycle lengths ranging from 300 to 400 ms
to control atrial and ventricular rates during all interventions.
We paced the left atrial appendage with a bipolar electrode
and either the right ventricular outflow tract or left ventric-
ular posterior base with unipolar cathodal stimuli delivered
via a Teflon-coated stainless steel electrode. Data obtained
with either pacing site were pooled because they were the
same. The anode was 3 em in diameter and located in the
subcutaneous tissue of the sternal incision (6).
Local repolarization (local QT) interval. The local QT
interval was measured by recording electrograms from nine
left and right ventricular sites. Electrograms were obtained
from bipolar (I mm interelectrode spacing) Teflon-coated
stainless steel electrodes (13,14) placed midway between
the epicardial and endocardial surfaces with their position
confirmed at necropsy. The choice of intramural sites was
based on ease of electrode placement and the fact that auto-
nomic influences do not vary across the ventricular wall.
Electrical signals from the electrodes were amplified, fil-
tered (frequencies < 1.2 Hz and> 500 Hz were filtered
out) and displayed on a storage oscilloscope at rapid sweep.
Recordings (paper speed 500 mm/s) were performed every
minute.
The local QT interval was taken as the time from the
onset of local depolarization (QRS) to the peak of the re-
polarization wave (T wave) on each electrogram (Fig. 1).
These fiducial points were identified on two consecutive
recordings and then measurements were performed to the
nearest ms. Data were accepted for statistical analysis if: I)
measurements of consecutive recordings varied by no more
than 2 ms; 2) ventricular drive rate remained constant; 3)
ventricular activation as judged by surface electrocardio-
graphic configuration and sequence of electrographic re-
cordings remained constant (that is, first the local QRS from
the right ventricle then the local QRS from the left ventricle
occurred during right ventricular pacing [Fig. 1]); and 4)
local ventricular QRS and T configurations remained con-
stant. In three animals, data were discarded because of fail-
ure to meet these criteria.
Effective refractory period measurement. Effective
refractory period testing was performed in six animals from
Group I to determine the relation between refractory period
and local QT interval measurements in the same test site.
At each test site, we first recorded the electrogram to de-
termine the local QT interval during remote ventricular pac-
ing to prevent a stimulus artifact from interfering with mea-
surement of electrograms. Then we paced one of the two
bipolar recording electrodes from the same test site using
cathodal stimuli to measure effective refractory period as
described previously (6). The differing activation sequence
produced by the different pacing procedures does not influ-
ence the correlation between local repolarization time and
effective refractory period (15).
Vagal Nerve Interventions
The midcervical vagi were isolated in the carotid sheath,
ligated and cut. Vagal nerve stimulation was performed with
two Teflon-coated silver hook electrodes imbedded in the
peripheral cut nerve (6). Rectangular electrical pulses, 4 ms
in duration, were delivered to these electrodes at a frequency
of 20 Hz. The current strength for stimulation of each nerve
was just above that required to produce ventricular asystole
or complete AV block during atrial pacing alone and ranged
from 0.1 to 2 milliamperes. In each experiment, right and
left vagal nerve stimulation was repeated individually be-
tween interventions without varying current strength to be
certain that the same asystolic or AV block response to
stimulation remained constant.
Biochemical Measurements
To determine whether variations in the density of auto-
nomic innervation or muscarinic receptors were responsible
for the regional differences in response to vagal nerve stim-
ulation, we performed biochemical studies on the six dogs
in Group III (see later). At the end of each experiment. the
heart was fibrillated by rapid ventricular pacing. The sites
selected for study were rapidly excised in 0.5 to I g pieces,
weighed, placed in plastic vials and plunged in liquid ni-
trogen. Later these tissues were homogenized and separated
into three alloquots. To measure the density of sympathetic
innervation, tyrosine hydroxylase activity was quantitated
by monitoring the enzymatic oxidation of [2,3- 3H] tyrosine
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Figure 1. Surface electrocardiographic
(ECG) lead II. bipolar electrograms (EG)
from left ventricular sites (top two) and
the anteriorright ventricularsite (lowest),
and arterialpressure(AP) tracingsin con-
trol state (left) and during bilateral vagal
nerve stimulation (BVNS) (right). The
horizontal bar labeled 100 ms indicates
the time calibration for all recordings (pa-
per speed was 500 mm/s). The electro-
cardiogram shows a ventricular stimulus
spikeandQRScomplexwithoutdefinable
ST segmentor T wave. The numbers be-
low each electrogram indicate the dura-
tion in ms of repolarization time measured
from the electrogram onset (first down-
ward deflection. Q, in each case) to the
peak of the T wave indicatedby the ver-
tical bar. Note that bilateral vagal nerve
stimulation prolongs the QT interval in
both left ventricular sites but not In the
anterior right ventricular site.
to [2.3,_3H] Dopa (16). To measure the density of para-
sympathetic innervation, the activity of choline acetyltrans-
ferase was quantified from the conversion of radiolabeled
acetyl coenzyme A to radiolabeled acetylcholine (17). The
density of muscarinic receptors was measured by radioli-
gand binding employing 3H-quinuclidinyl benzilate (QNB)
(18,19).
Protocols
Group I (n = 15). In these dogs the effects of left,
right and bilateral vagal nerve stimulation lasting 2 to 4
minutes were tested in random order, allowing at least 5
minutes between stimulations. To evaluate the distribution
of sympathetic neural effects in the ventricles, either right
or left stellate ganglionectomy was performed by cutting all
rami of that stellate ganglion. After 5 minutes. measure-
ments were repeated. To compare effects of withdrawal of
baseline sympathetic influence from either side. data from
animals that had initial right ganglionectomy were compared
with data from other animals that had initial left
ganglionectomy.
Group II (n = 8). In this group, we explored the pos-
sibility that left sympathetic neural activity was responsible
for the differences in effects of right and left vagal stimu-
lation in the posterior left ventricular base. Right and left
vagal stimulation was performed in four dogs before and
after stellate ganglionectomy and incision of both left ven-
tromedial and ventrolateral cardiac nerves. In another four
dogs, right and left vagal stimulation was performed before
and during norepinephrine infusion (1.2 JoLg/kg per min).
Group III (n = 9). In this group. the sinus node was
not clamped in order to avoid the possibility that nerves
innervating the anterior right ventricle were interrupted by
the clamp. To potentiate the effects of vagal stimulation,
particularly in the anterior right ventricle, vagal stimulation
was performed 10 minutes after administration of physo-
stigmine (5 and 50 JoLg/kg, intravenously) (6).
Group IV (n = 6). In this group. local QT intervals
were recorded in anterior right ventricular and posterior left
ventricular sites during vagal nerve stimulation and isopro-
terenol infusion (0.5 JoLg/kg per min). Then biopsy speci-
mens from the anterior right ventricle. posterior left ventricle
and one each from the other six free wall sites were taken
to determine the density of sympathetic and vagal inner-
vation and muscarinic receptors in each site.
Statistical analysis. All data are expressed in the text
and figures as mean ± standard error. Statistical compar-
isons between a single control and intervention value were
performed with Student's t test for paired or unpaired data.
Whenever two or more statistical comparisons were made
between data groups. two way analysis of variance was
performed employing Duncan's multiple comparison test
(20). Statistical significance was ascribed to probability (p)
values less than 0.05.
Results
Validation of local QT interval. QT intervals were
compared with the effective refractory period measured in
the same sites of six dogs from Group 1. The absolute local
QT interval correlated well with its corresponding absolute
effective refractory period over a range of values produced
by changing basic drive cycle lengths (from 300 to 500 ms)
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Figure 2. Correlation between the absolute value of local repo-
larization time (QT) and effective refractory period (ERP) in six
dogs bychanging pacing cycle length and sympatheticneural activity.
or by stellate ganglionectomy (Fig. 2). In addition, the change
in localQT intervalproducedby vagal stimulationcorrelated
well with change in effective refractory period in the same
site (Fig. 3).
Sympathetic influences on local QT interval. The ef-
fects of right or left stellate ganglionectomy were statisti-
cally different only in the posterior left and right ventricles,
where left ganglionectomy prolonged the local QT interval
more than did right ganglionectomy (Fig. 4). In the lateral
left ventricle (site III), statistical significancewas not found
(p < 0.1) even though the standard errors did not overlap.
Vagal influences on local QT interval. In contrast to
effects of sympathectomy, neither right nor left vagotomy
produced any change in local QT interval of any site. The
aT = 71 ERP + 40
r =085
effects of vagal nerve stimulation on local QT intervals in
Group I dogs are shown in Table I and Figure 5. These
data represent peak effects that occurred after an average
of 2.5 minutes of stimulation (range I to 3). In each dog,
all local QT intervals showed a similar time course to peak
effect. The magnitudeof these effects was reproducible with
respect to time when measurements during vagal stimulation
were repeated without intervention.
The magnitude of local QT interval prolongation produced
by vagal stimulation was relatively uniform with two notable
exceptions . First, percent change produced in the left ven-
tricular posterior base by left vagal nerve stimulation was
greater than that with right vagal stimulation (Fig. 5). To
exclude sympathetic neural interactions during vagal stim-
ulation as a cause of this finding, stimulation was repeated
in Group II after left sympathectomy or norepinephrine in-
fusion (Table 2). Both abolished the differences between
effects of right and left vagal nerve stimulation in the left
ventricular posterior base.
Second. neither right nor left vagal nerve stimulation
prolonged the local QT interval in the anterior right ven-
tricular free wall (Table J). To examine mechanisms for
this find ing, we performed five additional types of experi-
ments. I) Because control values in Table I suggested that
the anterior sites showed somewhat longer local QT inter-
vals, we considered whether differential cooling of the an-
terior right ventricularsites prevented them from responding
to vagal stimulation. Therefore, vagal stimulation was re-
peated in a subgroup of Group I while measuring and vary-
ing anterior and posterior epicardial temperature. Cooling
was produced by removing the plastic stretched across the
sternal incision (n = 4); epicardial temperature decreased
from 35.9 ± 0.3°C to 32.8 ± OAoC (p < 0.01). Simul-
200160 180
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Figure 3. Correlation between a change in local repolarization
time (L:::.QT) and a change in effective refractory period (L:::.ERP)
in thesame sites produced by vagal nervestimulation insixdogs.
At least two sites were tested in each dog, representing each of
the nine anatomic positions.
Figure 4. The mean percent change (± standard error of the
mean) in local repolarization time (%L:::.QT interval) is plotted for
each of the nine ventricular test sites after left (n = 9) or right (n
= 6) stellate ganglionectomy (LSGX orRSGX, respectively) . Ant
= anterior; Lat = lateral; LV = left ventricle; Post = posterior;
RV = right ventricle.
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Table 1. Effects o f Vagal Stimulation on QT Int er val (ms)
Site SIte Position Control BVNS Control LVNS Control RVNS
1 LV ant. base 206 ± II 216 ± 12* 209 =II 216 =P*~ 208 ± 11 213 ± 12*t- ,
II LV ant. apex 2 10 ± 8 218 =9* 210 ± 8 216 ± 10* 2 11 ± 9 2 16 ± 9
III LV lateral 206 ± 9 215 ± 9* 208 :: 9 214 :: 10*t 208 ± 9 214 :: 9*t
IV LV post. base 201 :: 9 214 ± 10* 202 ± 9 214 ± 10* 203 ± 9 210 :: lOt
V LV post. apex 209 ± 8 219 :: 10* 209 :: 10 217 :: II 20R :: 10 214 ± 1It
VI RV post. 207 ± 6 219 ± 7* 209 ± 6 2 16 ± 7*t 2 11 =6 219 ± 7*t
VII RV ant. 217 ± II 220 =to 2 17 :: II 219 ± to 2 18 :: II 221 ± to
VIII RV conus 2 14 ± 8 222 ± 9* 215 ± 6 220 ± R 213 ± 7 2 19 ± 9*
IX IVS 212 ± 12 221 ± 13* 212 ± 12 219 ± l3 *t 212 ± 12 2 17 ± 13*t
*p < 0.05 versus Immediately precedmg control (n= 15). r p < 0.0 5 versus '7c ~ with BVNS.
ant. = anterior; BVNS = bilateral (simultaneous) vagal nerve stimulation. IVS = mterventncular septum ; LV = left ventricular; LVNS = left
vagal nerve stimulation; post. = posten or; R == right; RV = nght ventncle: RVNS = nght vagal nerve stimulation.
taneously , the localQT interval in the anteriorright ventricle
was prolonged from 199 ± 9 to 207 ± 10 ms (p < 0.025).
demonstrating that the local QT interval in that area could
be prolonged with a noncholinergic stimulus (there was little
change in epicardial temperature of the posterior left ven-
tricle). Despite differential anterior cooling, no difference
in percent change in the QT interval produced by vagal
stimulation was seen in the anterior right ventricle.
2) We performedbilateral simultaneous vagalstimulation
in Group I because bilateral simultaneous vagal stimulation
prolonged the local QT interval more in six of the nine test
sites than did unilateral vagal stimulation alone (Table I).
Although bilateralsimultaneous vagal stimulation prolonged
the local QT interval in all other sites (Table I), bilateral
vagal stimulation did not prolong the local QT interval in
the anterior right ventricle (Fig. 6).
3) In Group III animals, physostigmine doses of either
5 or 50 J,Lg/kg failed to result in local QT interval prolon-
gation in the anterior right ventricular site during bilateral
simultaneous vagal stimulation (Fig. 7).
4) We infused isoproterenol in Group IV (6) to potentiate
the changes due to vagal stimulation in the anterior right
ventricle. Despite QT shortening produced by isoproterenol
alone in both right (from 193 ± II to 185 ± 13 ms, p <
0.05) and left (from 188 ± 9 to 184 ± 6 ms, p < 0.05)
ventricular test sites and increased percentchange produced
by vagal stimulation resulting from isoproterenol infusion
in the posterior left ventricle (from 2.4 to 3.4%, P < 0.05).
the anterior right ventricle showed no potentiationof effects
of vagal stimulation.
To evaluate the possibility that the anterior right ven-
tricular test site might have a diminished autonomic inner-
vation or muscarinic receptor number. we measuredvarious
biochemical indexes by independent methods. There was
no evidence of a difference in these variables between sites
(Table 3).
II III IV V VI VII VIII IX
Ant Lat Post Post Ant Outflow
'-----LV L-RV--J Septum
Figure 5. The mean percent change ( ± standard error of the
me an ) in local repolarization time (%6QT) inte rval is plotted for
each of the ventricular test sites during le ft or right vagal nerve
sti mulatio n (LVNS o r RVNS . respe ct ivel y ) . Abbreviatio ns as in
Figure 4 .
%6 in QT
With
RVNS
right vagal nerve
%6 in QT
With
LVNS
Control
QT
200 ± II 2 8 ± 0.5 1.6 ± 0.4
Lp < o.oolJ
208 :: II * I 3 ± 0 3 2.0:':: 0 .3
Lp > 0.5J
195 :':: 17 3.9 :':: 0 .7 2.2 :':: 0.4
Lp <o.o,J
174 :: 15* 2.9 :':: 07 2.5 :':: 0 .3
Lp > 0.5J
*p < 0 05 versus intact value.
LVNS == left vagal nerve stimulation. RVNS
stimulation.
Post left sympathectomy
(n == 4)
Durmg norepinephrine
infusion (n= 4)
Sympathetic nerves
mtact
Table 2. QT Interval Data From Left Ventricular
Posteri or Base
Sympathetic nerves
intacto LVNSr-
~ 1m RVNS
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10 extracellular recordings from papillary muscle reflects du-
rationof intracellularaction potentials recorded from muscle
cells in the area. In the present study, a close bipolar elec-
trode was employed to measure local QT changes. This
method was chosen because our preliminary studies em-
ploying both unipolar and bipolar recordings from the same
electrode site resulted in more consistent and reproducible
results when the peak of the T wave on the bipolar recording
was used to mark the end of repolarization as reported in
recent clinical studies (22).
Theoretically, a close bipolar electrode with a I mm
interelectrode distance reflects differences in repolarization
time between the two poles. These differences produce a
repolarization or local T wave mainly due to the passage of
an electrical wave front by the first and then the second
pole. The local T wave is not produced by unequal repo-
larization in the areas surrounding the two poles because of
close electrotonic coupling of cardiac muscle cells within I
mm. To assure that the bipolar electrode is measuring a
uniform change in repolarization of cells surrounding both
poles, we established as one criterion for acceptable data
measurement that an intervention did not change the local
T wave configuration. Thus, the data reported herein reflect
the duration of repolarizationof all the cells in the immediate
vicinity of the bipolar electrode.
Because electrotonic interaction of cells decreases as the
distance between them grows, it follows that repolarization
from distant recording sites may vary independently with
respect to the local QT interval measured. Theoretical con-
siderations suggest that local bipolar electrograms may re-
flect repolarization of cells up to a distance of 2.5 em away
(23). Our data on stellate ganglionectomy and vagal stim-
ulationdemonstrate that individual recording sites separated
by several centimeters, even on the same side of one ven-
tricle, may show differing effects of autonomic influence.
These data and those from other studies (24) suggest that
close bipolar electrographic recording of the local QT in-
terval reflects true regional differences in repolarization.
B L R
POSTERIOR RV ANTERIOR RV
6
TSEM
8 *p < 0 .05
vs B
O~_l.---'--L.---'-_'-""""'---'_-L.-
%6
aT
VNS 4
Figure6. Percent change in local repolarization time during vagal
nerve stimulation (%6QT VNS) during bilateral (B) and isolated
right (R) orleft (L) vagal nerve stimulation inposterior and anterior
right ventricle (RV) (n = 15 dogs) . p := probability.
Discussion
There are two majorfindings in this study. First, changes
in the local QT interval measured by bipolar electrode tech-
niques can be used to determine simultaneous changes in
recovery properties of many regions in the ventricles produced
by vagal or sympathetic interventions, or both. Second, by
employing this technique it was found that right and left
vagal stimulation produced relatively uniform magnitudeof
prolongation of local QT intervals in all test areas with two
important exceptions: in the left ventricular posterior base,
left vagal stimulation produced greater prolongation of the
local QT interval due to an interaction with the left sym-
pathetic innervation; in the anterior right ventricle, no form
of vagal stimulation prolonged the local QT interval. The
mechanism for the latter result was not elucidated.
Consideration of the Method
Local QT interval changes. Previous workers (21)
demonstrated that repolarization time measured on unipolar
Anterior Posterior
% .6 or ± SEM
*p < 0 .05
BeL =300 ms
Septal
Figure 7. Data representing the percent change in
local repolarization(%6QT) ineach ventricular test
site produced bybilateral simultaneous vagal nerve
stimulation after 5 p,g/kg physostigmine was given
intravenously . The asterisk (*) indicates a signifi-
cant difference between absolute values of local QT
interval inthecontrol period and during vagal nerve
stimulation in each site (n = 9).
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Table 3. Biochemical Indexes of Autonomic Innervation
Ant. RV = antenor right ventncle: CAT = choline acetyltransferave:
Post. LV = posterior left ventncle. TH = thyrosine hydroxylase
Sympathetic Influences on Local QT Interval
The present study confirms previous work on the distri-
bution of sympathetic neural influences in canine ventricles
(1,2). Our local QT data after unilateral stellate ganglio-
nectomy reflect a greater influence of the left sympathetic
system over the posterior aspect of both ventricles at rest,
while a more equal influence of both right and left systems
occurs over the anterior aspects of the ventricles.
There are two implications of these data. First. previous
workers have postulated that distribution of sympathetic
neural influences in the ventricle may be involved in the
pathogenesis of T wave changes on the surface electrocar-
diogram (28) and associated arrhythmias (3,4). The present
and previous data support the view that unilateral activation
of sympathetic innervation may be one mechanism by which
unequal recovery properties may result in ventricular ar-
Effective refractory period versus local QT interval.
Effective refractory period is another electrophysiologic
property measurable in vivo that also reflects many cells in
the vicinity of the pacing electrode and perhaps only those
with the shortest refractory period (25). In addition. because
refractoriness is both time- and voltage-dependent, local
refractoriness and repolarization may not always change
proportionately. Our data show that autonomic interventions
produce changes in local repolarization time that correlate
well with changes in effective refractory period of normal
ventricular muscle.
The advantages of the QT interval technique are: I)
measurements in many sites can be made simultaneously:
2) pacing of the test sites is not required for repolarization
measurements which eliminates possible effects from re-
lease of autonomic mediators (26): and 3) measurements
are made without tissue injury (27).
The important disadvantages ofthe QT interval technique
are: I) it will not reflect effective refractory period changes
when refractoriness extends beyond repolarization; 2) the
peak of the recorded T wave chosen for measurement may
not be the end of repolarization, particularly if the T wave
is biphasic: and 3) the technique can not be employed if an
intervention (such as ischemia) alters the T wave: in the
interventions of the present study this rarely occurred (see
Methods section).
Site Positron
PO,t. LV
Ant RV
Other
(n-mOI)TH --g-h
36.5 ± 13 9
377±129
384 ± 11.1
(n-mOI)CAT --g-h
25.4 ± 2 9
27.1 ± 1.8
23 2 ± 2.3
[H,j-QNB
(
fmol )
mg-protem
151 6 ± 343
1527 ± 244
165.5 ± 15 2
rhythmias. Second, this distribution of sympathetic influ-
ences in the ventricle will affect the distribution of vagal
effects because the latter may act on ventricular tissues by
antagonism of sympathetic effects (5,6,10-12).
Parasympathetic Influences on Local QT Interval
Left versus right vagal stimulation. Previous workers
showed that left and right vagal parasympathetic stimulation
may produce different effects on AV node function (9) and
atrial refractory period (7,8), We found that the left ven-
tricular posterior base demonstrated greater prolongation of
repolarization during left compared with right efferent vagal
nerve stimulation,
Previous investigations (29) on the distribution of ven-
tricular contractile force changes produced by vagal stim-
ulation suggested an equal influence of the left and right
vagi, although the left ventricular base was not specifically
studied. However, hemodynamic measurements performed
by Pace et al. (30) showed that left ventricular end-diastolic
pressure was elevated only during left vagal nerve stimu-
lation, suggesting the possibility of greater effects of vagal
stimulation in the left heart. Studies in isometrically con-
tracting atria and ventricles by Priola and Fulton (31) did
not demonstrate differences between right and left ventricles
but found that the left vagus produces a greater decrease in
the maximal rate of rise in pressure (dP/dt) of both ventri-
cles, Thus, several previous hemodynamic studies lend sup-
port to our findings of a greater effect of left compared with
right vagal stimulation in the left ventricular posterior base.
Mechanisms of different responses. In the present study,
we also considered possible mechanisms to explain the dif-
ferent responsiveness to electrical stimulation of the two
vagi. One possibility considered was that the left ventricular
posterior base was under greater baseline sympathetic in-
fluence so that vagal effects would appear to be greater by
virtue of vagal antagonism of the sympathetic influences.
We did not examine this hypothesis directly: however, it is
unlikely a full explanation of our results because areas that
also appeared to have greater baseline sympathetic influence
(sites V and VI in Fig. 4) did not show a difference between
effects of left compared with right vagal stimulation.
A second possibility we considered was that there was a
false reciprocal excitation of both efferent sympathetic and
vagal nerves in the left vagosympathetic trunk (10,31-33).
This situation results when electrical stimulation of the va-
gosympathetic trunk also increases sympathetic influences
to the left ventricular test site that dissipate over a longer
time course than vagal influences (34). Thus, when vagal
stimulation is repeated, a greater background sympathetic
influence from the previous stimulation could potentiate
cholinergic responses. However, two experimental obser-
vations do not support a false reciprocal excitation of sym-
pathetic nerves limited to the vagal. First. the greater effect
of left vagal stimulation was eliminated after left sympa-
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thectomy. Second, vagal nerve stimulation performed dur-
ing norepinephrine infusion eliminated the differences be-
tween effects of the right and left vagal stimulation. In
addition, these experiments suggest that the greater effects
of left vagal stimulation in the left ventricular posterior base
were due not to differences in cholinergic innervation of
that site, but to an anatomic interaction resulting from re-
ciprocal excitation of both vagal cholinergic and left sym-
pathetic nerves (traveling through the caudal cervical gan-
glion) when the left vagus is stimulated electrically .
The basis for this anatomic interaction is obscure. We
speculate that preganglionic fibers traveling in the vagosym-
pathetic trunk may synapse with postganglionic cell bodies
in the caudal cervical ganglion. They may then travel in the
ventrolateral and ventromedial cardiac sympathetic nerves
to the left ventricle (10,31) . Thus , a false reciprocal exci-
tation may also be responsible for these data (10). This
interaction may be species-dependent as a result of the close
aposition of sympathetic and vagal nerves in the caudal
cervical ganglion of the dog. We have no explanation for
the localization of this excitation to the left ventricular pos-
terior base .
Findings in the anterior right ventricle. An unex-
pected result of this study was the finding that the anterior
right ventricle failed to respond to vagal stimulation despite
augmentation of the response to vagal stimulation else-
where. A number of possible explanations were considered
but none were found to substantiate these findings.
These present results seem somewhat at odds with those
of Randall et ai. (29), who found that depression of con-
tractile force in the anter ior right ventricle produced by vagal
stimulation was equivalent to depre ssion of force produced
in the right ventricular conus and anterior left ventricle .
However, changes in contractile force and repolarization
need not be assumed to follow similar directional changes.
Also recent data (11) on refractory period responses to vagal
stimulation during sympathetic nerve stimulation in the an-
terolateral right ventricle (midway between our sites VII and
VI) do not eliminate the possibility that the anterior right
ventricle or sinus area is unresponsive to vagal stimulation.
We also measured effective refractory period responses in
the anterior right ventricle and found no response to vagal
nerve stimulation. Despite incomplete understanding of the
mechanism of the lack of electrophysiologic responsiveness
in the anterior right ventricle , the data suggest that testing
electrophysiologic responses to vagal nerve stimulation in
the anterior right ventricle may not be assumed to reflect
changes in other ventricular sites.
Possible Implications for Arrhythmogenesis
We have shown that efferent vagal influences are uniform
over many regions of the canine ventricles. Because sym-
pathetic influences that are considered potentially arrhyth-
mogenic are thereby antagonized (5,6,10-12), parasym-
pathetic influences could be and have been demonstrated to
be antiarrhythmic , particularly in ischemic arrhythmias (35) .
We also showed that the posterior left ventricular base
and anterior right ventricle may manifest quantitatively dif-
ferent responses to vagal cholinergic influence than the rest
of the canine ventricles . Those responses may depend on
species or techniques employed for study. In addition, these
changes are small compared with the effects of sympathetic
neural influences (6). We speculate, however, that the mag-
nitude of these regional differences in parasympathetic in-
fluence may be augmented under conditions when sympa-
thetic neural influences are also accentuated. We also speculate
that uneven distribution of vagal parasympathetic influences
in the ventricles may be one mechanism by which ventricular
fibrillation occurs when carotid sinus massage is performed
in patients intoxicated with digitalis (36,37). Because sym-
pathetic discharge in the latter may also be uneven (38), the
additional heterogeneity of recovery properties produced by
unilateral vagal activation may be enough to precipitate
fibrillation . Further work is necessary to evaluate these
speculations.
We acknowledge the expert technical skills of Dan Neunaber, Tammas
Kelly, Steve Grief and Greg Nieghbors. We also thank Deborah Ecker
and Linda Bang for their expert secretarial skills.
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